OBJECTIVES: To study the influence of age on remnant aortic remodelling after acute DeBakey type I aortic dissection (AD) surgery.
INTRODUCTION
Acute aortic dissection (AD) that occurs annually in approximately 3 of 100 000 patients in the general population [1, 2] is usually prevalent among the elderly population having risk factors associated with hypertension, atherosclerotic vascular disease and other acquired degenerative conditions [3] [4] [5] . While acute AD in the younger patients has frequently been reported in association with connective tissue disorders, it has been encountered more commonly in the absence of such risk factors [6] [7] [8] [9] [10] [11] leading to speculations that unique risk factors in younger patients may increase the predisposition to acute AD and possibly affecting the remnant aortic remodelling behaviour during the follow-up [12] [13] [14] . To investigate the influence of age as a separate risk factor that may affect the postoperative remodelling behaviour of the remnant aorta after acute type I AD surgery, the temporal changes in the aortic dimensions were analysed postoperatively using serial computed tomography (CT) imaging studies.
MATERIALS AND METHODS

Patients
To compare the differences in remnant aortic remodelling after acute type I AD surgery according to age, patients receiving either an ascending or an ascending hemiarch replacement were divided into 2 age groups: Group A (aged <50 years, n = 26) and Group B (aged > _50 years, n = 92). Patients receiving more extensive surgery beyond this defined aortic segment were excluded to allow inter-group dimensional comparison with respect to all of remnant index study sites consisting of the aortic root, arch and the descending thoracic aorta (DTA). Patients with Marfan syndrome or other genetic conditions such as Loeys-Dietz syndrome were also excluded due to the unique confounding influence of these conditions.
The aortic root sinuses, arch and the proximal DTA were serially measured postoperatively. The preoperative CT measurements served as the baseline. Among the 188 acute type I AD patients who received surgery between January 1999 and December 2013 in our institutional cardiac surgery database (Asan Medical Center, University of Ulsan College of Medicine), only patients meeting the initial inclusion study criteria with pre-and >1 month postoperative CT studies were included. This narrowed down the cohort to 122 patients. A further exclusion of the 4 Marfan syndrome patients left 118 patients in the final cohort. Dimensional changes of the maximum diameter at all remnant index aortic segments were assessed serially. The present study was approved by the Institutional Review Board with waiver of individual patient consent.
Surgical procedure
In total, 18 patients underwent ascending aorta replacement, whereas 100 received ascending and hemiarch replacement. The determination of the aortic replacement extent was based on each patient's condition, the location of the intimal tear and/or aortic arch dimensions. The final decision, however, was left to the surgeon's discretion. Arterial cannulation was through the femoral artery in 38, the right axillary artery in 46 and both the femoral and the axillary arteries in 29 patients. In 5 patients, the innominate artery was utilized for the arterial cannulation. Antegrade (n = 48) or retrograde (n = 64) cerebral perfusion was used for cerebral protection, and moderate (n = 44), deep (n = 40) or profound (n = 34) hypothermia was employed during circulatory arrest according to the surgeon's preference.
Image analysis
Data were collected by one observer (J.K.) blinded to patientidentifying information. Serial CT measurements were made at the aortic root, aortic arch and proximal DTA levels. The aortic size was defined as the largest internal diameter that was perpendicular to the blood flow axis. If the axial image of the aorta had an elliptical cross-sectional shape, the smallest diameter measurement in this view was documented.
Statistical analysis
Continuous data were reported as mean ± standard deviation and were compared using Student's t-test, while categorical variables were reported as frequencies and percentages and were compared using v 2 or Fisher's exact tests. For further validation of the relationships between age and the aortic expansion rates in each aortic segment, multiple linear regression models were used. In the first step of multivariable linear regression analyses, all the baseline variables listed in Table 1 , except for the patients' age, were tested in univariable models, and variables with a P-value <0.20 were candidates for the multivariable models. In the second stage, multivariable analyses involved a stepwise backward elimination technique, and only variables with P-values <0.10 were used in the final model. All significant factors in the final multivariable models and the patients' age were included in another multivariable linear regression model to determine the adjusted correlation between age and aortic expansion in each aortic segment. These processes were repeated for the aortic root, arch and descending aortic segment analyses. All P-values are two-sided, with values <0.05 considered significant. All statistical analyses were performed using IBM SPSS Statistics, version 21 (IBM Corp., Armonk, NY, USA).
RESULTS
Patient characteristics
Baseline patient characteristics are summarized in Table 1 . There was a greater predominance of males with a tendency for lower incidence of degenerative risk factors in Group A compared with Group B. In Group B, the clinical profile comprised predominantly of degenerative risk factors including a significantly higher incidence of hypertension and greater tendency for diabetes mellitus, chronic obstructive pulmonary disease and cerebrovascular disease compared with Group A (Table 1 ). There were no significant betweengroup differences in bicuspid aortic valves. Remarkably, all of the acute intramural haematomas (n = 9 patients), a condition usually reported in elderly patients with degenerative risk factors were present in Group B. The reasons for surgery in these patients (acute intramural haematomas) included size increase, haemopericardium, haemodynamic instability and impending rupture. Malperfusion syndromes ranging from cerebral, visceral, to peripheral vascular insufficiency were infrequent, and the overall between-group differences in the incidence was not significant. The entry tear sites were mostly in the ascending aorta or arch segments (Table 2) . Entry tears beyond these sites in the descending aorta were seen in only 2 and 4 patients in each group and in combined sites in 3 and 4 patients, respectively. The cardiopulmonary bypass data were not significantly different between the 2 groups. The mean low body ischaemic times for the distal aortic anastomosis, which was <30 min was not significantly different between the 2 groups.
Clinical outcomes
No significant between-group differences in postoperative neurologic deficits, pneumonia, renal failure, mechanical ventilator duration or intensive care unit stay were observed. However, the overall morbidity was greater in Group B compared with Group A as evidenced by the significantly greater overall hospital stay duration (Group B 26.8 ± 30.4 days vs Group A 16.8 ± 9.9 days, P = 0.009). Reoperation of the remnant aorta was performed mostly on the distal aortic segments, especially the DTA (Table 3 ). The inhospital mortality was similarly low in both groups with only one death in each group. The overall Kaplan-Meier survival analysis did not show any significant differences between the 2 groups (logrank P = 0.539, Fig. 1 ).
Changes in aortic diameter
The CT follow-up duration for the entire cohort ranged between 1.0 and 148.5 months and the median follow-up duration was 35.1 months (interquartile range: 14.1-65.2 months). In Group A, the median CT follow-up duration was 39.9 months (interquartile range: 18.3-85.6 months), and the mean was 51.8 ± 42.6 months. In Group B, the median duration was 33.1 months (interquartile range: 13.9-60.2 months), and the mean was 40.7 ± 32.3 months. There were no significant between-group differences in mean CT follow-up duration (P = 0.227). In Group A, all index segments showed significant increases from the baseline (Table 4) . In Group B, while the aortic root and arch segments remained relatively stable, the DTA had increased significantly from the baseline dimension at 37.8 ± 4.8 mm to 40.7 ± 9.4 mm (P = 0.002).
Linear regression analysis and the aortic expansion rate
With regard to the aortic segment expansion, 10 patients (3 in Group A and 7 in Group B) who underwent their last follow-up CT scans within 4 months of the acute event were excluded as the relatively short duration would not have been sufficient to demonstrate any significant changes in aortic remodelling. Multiple regression analysis of the remaining 108 patients using linear regression models showed a tendency for younger age and aortic expansion rate to show a positive correlation in the index sites (Table 5 , Fig. 2 ). After adjustments, statistical significance for this correlative relationship was reached only in the aortic sinus segment (P = 0.030), while the aortic arch and DTA only showed a tendency to show a correlation. 
DISCUSSION
Previous studies have alluded that age-related factors may affect the clinical behaviour of the remnant aorta after acute AD, but accurate understanding of this correlative relationship remains uncertain [7, 8, 15] . The higher incidence of hypertension, diabetes mellitus, cerebrovascular accident, chronic obstructive pulmonary disease and predominance of intramural haematoma in the older patients support the view of degenerative aetiologies being preponderant in the older patients [16, 17] . The occurrence of all 9 of the intramural haematoma cases in the elderly population further exemplified the age relationship in the clinical manifestation of AD [16] . It is noteworthy that in the relatively younger patients, including those in the present study, neither unusual physical traits nor other concealed conditions such as cystic medial necrosis or secondary hypertension, e.g. pheochromocytoma and primary hyperaldosteronism were present [4, [7] [8] [9] [18] [19] [20] [21] . These suggested that age per se may possibly independently affect the onset and various manifestations of AD. Due to the greater predilection for genetic connective tissue disorders such as Marfan's disease to undergo rapid remodelling after acute type I dissection, all patients diagnosed with Marfan and other identified or suspected genetic disorders were excluded from the present study to eliminate these confounding influences. Although the cut-off age of 50 years for separating the 2 groups may seem arbitrary, there are currently no references or guidelines in the literature upon which to base grouping the acute AD patients by 'younger' versus 'older' patients. Of note, those patients aged <40 years at onset were generally reported as young adults in the literature [7] . Consistent with the literature, most of the patients considered to be younger aged (<50 years), in this study, were also fortuitously under 40 years, while most of the older patients were >60 years. Only patients receiving either an ascending aorta or ascending plus hemiarch replacement were included to ensure that the measurements of all the index segments (i.e. the remnant native aortic root, aortic arch and proximal DTA dimensions) were available for direct between-group comparison. In Group A, all 3 index segments had increased significantly from baseline, whereas in Group B, only the DTA segment had significantly increased. However, even in the DTA, the degree of aortic expansion was greater in Group A, and multiple regression analysis suggested a greater tendency for aortic expansion in the younger age group (Fig. 2) . Geirsson et al. [11] identified not only Marfan's syndrome and DeBakey type I dissection but also younger age at dissection onset to be an important risk factor for distal reoperation after acute type A dissection surgery. A greater likelihood of disease progression may warrant a more pre-emptive surgical strategy to avoid a potentially high-risk complex reoperation later on, which, according to the literature, has a reported incidence of as high as 13-16% [22] [23] [24] . Opposing arguments point out that a simple strictly need basis approach to reoperation may suffice with excellent surgical and acceptable mortality outcomes [25] . However, it should be noted that, even in some of the highly experienced institutions, the approach to reoperation alone is often viewed as being hazardous and difficult [22] . The overall early mortality rate for proximal reoperations is reported to be as high as 11.1-18.2% [11, 25] . The surgical mortality for chronic type B aortic is reportedly 8% [26] , while the hospital mortality rate for distal reoperation after an acute type A dissection may be as high as 31.2% [11] . The apparent insignificant between-group differences in major morbidity and mortality despite the documented differences in the postoperative adverse remodelling pattern in this study may be due to the overall limited aortic disease severity in the patients. A review of our entire acute type A dissection cohort investigating all patients regardless of the initial surgery extent showed a greater inclination for aortic enlargement and more aggressive initial root or arch surgery in the relatively younger patients (Supplementary Material). The greater disease severity in the younger patients suggested by total cohort data investigation seemed to support the view that a greater propensity for disease severity and potential for higher likelihood of reoperation was present in the younger patients. In a previous study, we suggested aortic sinus dimensions >47 mm to be an independent risk factor for the composite of adverse outcomes of progressive aortic root dilatation and aortic regurgitation [13] . We also suggested increased descending aortic dimension in acute type I AD to be independently predictive of descending thoracic aortic dilatation during the follow-up [27] . Therefore, given the correlative relationship between initial aortic size and late adverse outcomes, a more pre-emptive surgical approach in the younger patients at risk may be warranted. With respect to the causes regarding younger patients experiencing acute type I AD, it is often unknown, but it may be due to a multitude of causes. Although patients who were identified as having connective tissue disorders were excluded from this study, it may be possible that patients with connective tissue disorders not readily apparent by their outward physical appearance may have been unnoticed at the time of surgery. Such patients may go on to show more aggressive aortic remodelling after survival. Therefore, erring towards the presumption that a greater proportion of normal appearing younger dissection patients may have underlying aortic pathology may be reasonable as they may experience significant adverse remodelling later on. However, despite the potential long-term benefits of a more aggressive initial surgical approach, we do not recommend extending the initial surgery beyond that which would be deemed lifesaving in acute type I dissection simply based on the younger age of the patient per se as a thorough risk-benefit assessment of the institutional performance and individual surgeon skill levels weighed against any possible long-term outcomes is warranted [28, 29] .
Limitations
The retrospective nature, the relatively small study cohort size and single-centre design are limitations of the present study. Although the present data demonstrated differences in the remnant aortic remodelling behaviour between the 2 age groups, the study duration was not sufficient to definitively determine the long-term clinical implications of the remodelling behaviour with regard to reoperations and death. This was in part due to the design of the present study, the aims of which was focused on demonstrating the differences in remodelling behaviour rather than on comparing the clinical outcomes. Patients with more severe aortic disease were likely operated on at presentation and subsequently excluded from comparison leaving only those patients with less severe and more stable disease with greater likelihood of better long-term outcomes being included. Based on the present analysis, we were able to show a clear tendency for greater adverse remodelling in younger patients. However, a longer follow-up is warranted to support a more pre-emptive approach on younger acute DeBakey type I AD patients.
CONCLUSIONS
The remnant aorta in younger patients (aged <50 years) after acute type I AD surgery underwent significantly more rapid growth and extensive enlargement compared with that in the older aged patients (aged > _50 years). In light of the more generalized and rapidly progressive disease nature in the younger patients, a more proactive approach may be reasonable in patients at higher risk of developing significant adverse aortic remodelling and reoperationl provided the additional surgery does not increase the overall operative risk.
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